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From the Editors

Australian environments that are presently subject to a range of threats such as renewed grazing, the
impacts of rampant urban development and increased erosion now have an additional threat. Fol-

lowing the handing down ofthe Federal Budget in May, conservation programs and research projects

are in danger of being slashed through reductions in binding and withdrawal ofpersonnel.
Research in the natural sciences is heavily dependent on government funding, and can scarcely

afford to have budgets reduced; however, in excess of $400 million is planned to be cut from the
budget of CSIRO. A similar sum is to be taken from land care agencies. By one account, at least $2
billion in cuts will be made through abolishing programs and scrapping environmental agencies.

In a world facing the effects of global warming, research within the natural sciences is of vital

importance. The results of such research, reported in this and many other journals, assume a

greater importance from the urgency of its need. We can ill afford to cease studying the impacts
on flora and fauna of ever-changing natural environments. Rather than being curtailed in the way
the budget requires, such research should be the subject of increased funding. Indeed, our world
depends on it.
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Gone but not forgotten: The status of the Stuttering Frog

Mixophyes balbus in Victoria

Graeme R Gillespie
1

, Kwai Chang Kum 2
, David A De Angelis3 and Bradley D Jenner3

'Flora and Fauna Division, Department of Land Resource Management,

CSIRO Complex, 564 Vanderlin Drive, Berrimah, Northern Territory 0838

2Zoos Victoria, RO. Box 74, Parkville, Victoria 3052

5 Early Place, Boron ia, Victoria 3155

Abstract
The Stuttering Frog, Mixophyes balbus, is a threatened species restricting to upland streams in coastal drain-

ages of southeastern Australia. There have been no confirmed sightings ot this species in Victoria since 1983

and it has suffered marked declines throughout its range. We undertook surveys targeting suitable habitat

throughout the potential Victorian extent of range of the species, in order to detect any remaining populations

and ascertain its current conservation status. Nineteen stream reaches on 12 different streams weie sampled

with a total of 41.7 km of watercourse searched. No Stuttering frogs were detected, but all other frog species

expected to be associated with streams in the area were frequently detected. These findings build on previous

evidence that the Stuttering Frog has declined throughout its range, and may in fact now be extinct in the wild

in Victoria. (The Victorian Naturalist, 131 (3), 2014, 64-71)

Keywords: amphibian declines; extinction; chytrid fungus; conservation assessment

Introduction

Amphibian population declines, both in Aus-

tralia and worldwide, have received much at-

tention over the past 25 years (Stuart et al

2004). Within Australia, since the late 1970s

at least three species may have become extinct

and a further 37 species have undergone popu-

lation declines and range contractions warrant-

ing Red listing by the IUCN (Hero et al 2006).

Many of these declines have occurred within

protected areas or in other areas where anthro-

pogenic disturbances have been minimal (Stu-

art et al 2004).

In the late 1990s a novel pathogen, the am-

phibian chytrid fungus Batrachochytrium den -

drobatidis (Bd), was discovered (Berger et al

1998), and has since been implicated as a ma-

jor cause of amphibian declines, particularly

for so-called enigmatic declines in minimally

disturbed areas (e.g. Lips et al 2006). However,

habitat loss and alteration, along with other

threatening processes, such as invasive species

and pollution, have played important roles in

the declines of many species (Gillespie et al

201 1). More recently, evidence is mounting that

climate change is also adversely affecting some

species and communities (Laurance 2008; Bick-

ford et al 2010).

The Stuttering Frog (or Southern Barred

Frog) Mixophyes balbus (Fig. 1) occurs in riv-

64

ers along the eastern fall of the Great Dividing

Range from north-eastern New South Wales

to the Gann River catchment in eastern Victo-

ria (Gillespie and Hines 1999). Historically M.

balbus was widespread in central and north-

ern NSW and considered secure (Gillespie

and Hines 1999). During the 1980s and 1990s,

the species underwent a noticeable decline

across much of its distribution (Mahony 1993;

Gillespie and Hines 1999). Although there were

fewer historic records south of Sydney and only

three from Victoria (Gillespie and Hines 1999;

NSW Wildlife Atlas), the species has now disap-

peared from nearly all known historical sites in

those regions (Lemckert et al 1997; Daly 1998;

Gillespie and Hines 1999; Daly et al 2000).

Targeted surveys have detected the species at

only three localities in NSW south of Sydney in

the past 10 years (Daly et al 2000; White 2000;

Hunter 2001; Hunter unpublished data).

Mixophyes balbus was last seen in Victoria in

1983 (Gillespie and Hines 1999). General fauna

surveys in East Gippsland conducted since the

1980s did not locate this species (see Lugg et

al 1993); however, there was relatively lim-

ited survey effort targeting cryptic amphibian

species such as M. balbus (G. Gillespie pers.

obs.). Additional, more targeted surveys since

the mid-1990s have also failed to locate any
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Fig.l. The Stuttering Frog

Mixophyes balbus. Photo:

G Gillespie

individuals (Holloway and Osborne 1996; G.

Gillespie unpubl. data).

Mixophyes balbus is currently listed nation-

ally as Vulnerable (Environment Protection and

Biodiversity Conservation Act (EPBC

)

1999). In

Victoria M. balbus is registered as a threatened

taxon by the Victorian Flora and Fauna Guar-

antee Act 1988 (FFG), and listed as Critically

Endangered on the Advisory List of Threatened

Vertebrate Fauna in Victoria (DSE 2013). A
National Recovery Plan for M. balbus has been

published (Hunter and Gillespie 2011), and the

Department of Environment and Primary In-

dustries (DEPI) has drafted a Flora and Fauna

Guarantee Action Statement for this species

(DSE 2009).

Knowledge of the former distribution of M.

balbus in Victoria is very limited since there was

minimal survey effort for riverine frogs in the

region before the recognition of decline. Fur-

thermore, the species is highly cryptic, and may
remain undetected at low population densities

in poorly surveyed areas. New information ac-

quired in recent years on survey techniques for

rare stream-breeding frogs suggests that previ-

ous sampling effort may have been inadequate

(e.g. Gillespie and Hollis 1996; Gillespie 1999; D
Hunter unpubl. data). In particular, insufficient

lengths of stream were surveyed and there was

a lack of survey focus on larvae. Consequently,

many parts of the species’ southern range may
not have been adequately sampled. We under-

took targeted surveys of selected catchments in

East Gippsland in an attempt to find any extant

populations of M. balbus in Victoria, and to re-

assess its status.

Methods
The survey focused on the greater catchments

of the Cann and Genoa Rivers, because M.

balbus is historically known from these catch-

ments, both in Victoria and NSW. One site was

also sampled in the Bemm River catchment,

west of the Cann River. Sampling sites were se-

lected from satellite imagery and topographic

maps. Sites that were likely to meet the follow-

ing criteria were chosen:

• Streams typically perennial;

• Well developed riparian wet forest or rainforest;

• Steep-sided banks rather than wide terraces;

• Stream beds wider than 1 m;

• Streams with gravel/stony or rocky substrates;

• Up-stream of road crossings.

The first four criteria reflect the typical features

of many of the sites at which M. balbus persists

in NSW. The last criterion favours sites that

have relatively low historic disturbance levels.

Two historic sites were also re-sampled; Ten-

nyson Creek and Flat Rock Creek (Cann River

East Branch) near the NSW border. The third

historic site, Jones Creek, was not investigated

because advice from David Cameron (Botanist,

Arthur Rylah Institute, DEPI) suggested that,

as a result of the 1983 fire and subsequent ero-

sion, this catchment has undergone significant

geophysical, hydrological and floristic changes,
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such that M. balbus is unlikely to persist there.

Surveys were undertaken between 19 Novem-
ber 2011 and 23 January 2013. All sampling was

undertaken in the months of September to Jan-

uary. Each stream was searched during the day

by two or more people walking slowly upstream

in the watercourse searching for tadpoles and

egg nests. Flat-bottomed dip nets (bag >35 cm
wide X <60 cm deep, mesh size 0.9-4 mm) were

periodically swept over the substrate in pools

and quieter sections of riffles by one or two

observers for approximately 1 to 2 minutes. All

tadpoles detected were captured by dipnet and

identified (see Hero and Gillespie 1993; Anstis

2002). Egg nests were targeted since Mixophyes

balbus may breed at this time of the year.

Streams were searched for frogs at night by

two or more people walking slowly upstream.

Mixophyes balbus has a conspicuous eye-shine

readily detected with a head torch. Areas both

within the stream margins and along banks up

to 10 m from the watercourse were searched.

Call playback was not used as this was not con-

sidered a reliable survey method for this species;

however, frog calls were monitored and noted.

All frogs located were inspected and identified.

A minimum of 1 km was searched by day and

by night at each site. For all surveys hygiene pro-

tocols (NPWS 2000) were strictly adhered to in

order to minimise the risk of spreading Bd.

Results

A total of4 1.7 km of watercourse was surveyed

across 19 stream reaches on 12 different streams

(Fig. 2; Table 1). Mixophyes balbus was not lo-

cated at any sites sampled. All other stream-

breeding species known from East Gippsland

(Litoria citropa, L. lesueuri , and L. nudidigitus )

were located along most streams. Crinia sig-

nifera, Litoria citropa and L. nudidigitus were

abundant at most sites and showed no evidence

of population declines since observations made
in the 1980s and early 1990s by one of the au-

thors (GG). Litoria lesueuri was less common at

the sites sampled; however, this species prefers

more open forest habitats on wider watercours-

es in eastern Victoria (Gillespie 2002), and

was not expected to be common in the habi-

tats targeted for M. balbus. Five other lentic, or

facultative stream -breeding, species were also

located: Limnodynastes peronii, Litoria aurea , L.

ewingii , L. peronii, and L. verreauxii (Table 1).
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Discussion

The present survey builds on previous attempts

to locate AT. balbus in Victoria. The species has

not been seen in Victoria for 30 years, and has

not been found in NSW south of Eden since

the early 1990s (Hunter and Gillespie in re-

view). Urlus and Marr (2011) reported a call

record of AT . balbus from the Thurra River in

March 2011; however, this record is considered

unreliable and highly doubtful (Clemann and

Gillespie 2012). Without doubt, the species

has undergone a severe decline throughout

the southern part of its range in Victoria and

southern NSW.
Available evidence suggests that the most like-

ly cause of decline of AT. balbus is Bd. The de-

cline coincides with that ofmany other stream-

breeding species in Australia (e.g. Berger et

al. 1998; Gillespie and Hines 1999), for which

Bd has also been implicated. Bd is present in

temperate stream systems in eastern Victoria

and southern NSW (Kriger et al. 2006). Other

potential causes of decline, such as habitat loss

and alteration (Gillespie et al. 2011) or invasive

fish species (Gillespie and Hero 1999) can be

discounted. Much of the habitat of M. balbus

within Victoria remains reasonably intact and

most of the catchment areas in which AT. balbus

potentially occurs are free of introduced fish

predators, such as trout. However, nothing is

known about the potential impact of foxes and

cats on frog populations, and large terrestrial

frogs may be quite vulnerable to predation by

these species (Gillespie and Hines 1999).

Climatic factors may also be involved in the

decline of AT. balbus, and may work in concert

with Bd (sec Pounds et al. 2006). However, in

the event that climate change leads to increased

stream water temperatures, reduced winter

stream flows and reduced environmental suita-

bility for Bd, it may in fact favour some stream-

breeding amphibians at the southern limits of

their subtropical/warm-temperate ranges.

Is AT. balbus extinct in Victoria? All historic

records were made incidentally and apparently

with relative ease (M Littlejohn pers. comm.;

Museum Victoria records), possibly reflecting

relatively higher historical population densi-

ties. Subsequent repeated searches (Holloway

and Osborne 1996; G Gillespie pers. obs.) have

failed to locate the species at historic sites in

Victoria, Tennyson Creek and Flat Rock Creek,

or adjacent tributaries with similar habitat. The

Flat Rock Creek site appears to have undergone

significant habitat changes since the original

report, possibly from disturbance associated

with improvements to and usage of the ad-

jacent Cann Valley Highway. It seems highly

likely that M. balbus is extinct at these sites. The

intense 1983 forest fire that burnt through the

Jones Creek warm temperate rainforest refer-

ence area, followed by extensive erosion and

subsequent forest regeneration (D. Cameron

pers. com.), have almost certainly rendered

this historic site unsuitable for M. balbus , due

to sediment entrainment of the streambed and

drastically reduced water flows. Hence it seems

highly probable that the species is also extinct

in Jones Creek.

The pattern of the historic records strongly

suggests that M. balbus was more widespread

than recent information suggest. The three

historic sites have notably different habitats:

Flat Rock Creek - Dry Forest, Tennyson Creek

- Riparian Forest (through Dry and Damp
Forests); and Jones Creek - Warm Temperate

Rainforest. Reports in the literature of the spe-

cies being associated principally with rainfor-

est and wet forest (e.g. Daly 1998; Anstis 2002)

undoubtedly reflect observations of the spe-

cies in northern parts of its range where it was

historically most frequently encountered (see

Gillespie and Hines 1999). Temperature and

suitable breeding habitat are typically the most

important factors influencing stream-breeding

frog species distribution (Duellman and Trueb

1994). Climatic and biogeographical factors

may have limited M. balbus to the east of the

Bemm River catchment, but its historic eleva-

tion range in Victoria and southern NSW (ap-

proximately 100-1000 m) suggests that it occu-

pied a large thermal gradient. Suitable breeding

habitat for Al balbus, comprising predominant-

ly perennial streams, with shallow gravel/Stony

shoals for egg nests, and lentic pools for tadpole

development, occurs within these catchments,

and most of the streams we sampled had habi-

tat characteristics that appeared highly suitable

for the species. Therefore, historically AT. balbus

may also have been more widespread through-

out the tributaries of these catchments than

current data indicate.
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Holloway and Osborne (1996) undertook
a survey of stream -breeding frogs across the

potential Victorian range of M. balbus but did

not locate the species. At that time, knowledge
of survey techniques for rare stream-breeding
frogs generally, and M. balbus specifically, was
very limited. We now know that tadpole search-

es need to be an integral component of M. bal-

bus surveys, as this is the most conspicuous life

stage of the species. Due to the potential low
abundance and highly patchy distribution of

this species along watercourses, sampling effort

along stream reaches needs to be designed in

kilometres rather than metres in order to make
any meaningful assessment of the species’ sta-

tus at a site. The present survey addressed these

sampling issues, and targeted habitats most
likely to favour the species.

In conclusion, M. balbus has suffered a sub-

stantial decline in both distribution and abun-
dance in Victoria over the past 30 years. It is

quite likely that the species is extinct in Victo-

ria; however, this is not certain. Some streams

with potentially suitable habitat have not yet

been surveyed thoroughly enough to make
this assessment with any confidence. In recent

years, three Australian amphibian species that

had ‘disappeared’ (Hero et al 2006), and were
presumed extinct, have been rediscovered:

Litoria lorica in the Wet Tropics (Hoskin and
Hero 2008); L castenea on the southern Table-

lands of NSW (D Hunter unpublished data);

and L. piperata , a stream-breeding species from
northern NSW (S Donnellan South Australian

Museum, pers. comm.). In all cases these redis-

coveries reflected a previous lack of adequate

survey effort, rather than a recovery. Relict pop-

ulations of other threatened species, including

some populations of M. balbus in NSW, have

persisted despite their vulnerability to Bd. It is

therefore possible that remnant populations of

M. balbus may still persist in Victoria.

East Gippsland has been the stronghold

of many of Victorias threatened amphibian
species, including the Giant Burrowing Frog

Heleioporus australiacusy Green and Golden
Bell Frog L. aurea

,

Large Brown Tree Frog L.

littlejohni, Stuttering Frog M. balbus, Martin’s

Toadlet Uperoleia martini and Tylers toad-

let U. tyleri . Currently these species are pos-

sibly the most poorly known vertebrates in

Victoria. However, with the exception of L.

aurea, there have been no adequate targeted

surveys or ecological studies of them to prop-

erly assess their distributions, population status

and ecological requirements. Hence the im-

pacts of various potentially threatening proc-

esses, and the adequacy of current conserva-

tion measures or protected management areas,

cannot presently be assessed.
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Ninety-nine Years Ago

Notes on English and Japanese newts in Victoria

By H. W. Davey, F.E.S.

(Read before the Field Naturalists' Club of Victoria, 14th Dee, 1914.)

With frogs and toads, with one or two exceptions, impregnation of the eggs takes place after they have

been extruded by the female, the same as in most of the fishes, hut with the tailed Bactrachians as newts

( Urodela

)

the impregnation of the eggs is usually internal ...

Egg-laying is carried on in much the same manner as with other newts. A female selects some aquatic

plant for the purpose—the denser the better and places a single egg in a fold of a leaf, hiding the egg

as much as possible from sight. The necessity for all this care is at once apparent, as the males arc most

assiduous in their search alter eggs, of which food they are extremely fond, and once an egg is discovered

in a leaf this is torn and dragged at by the male until at last it can reach the egg, when, with one snap of

the jaws, the egg disappears. Both sexes will also greedily devour the young larvae, and it is probably this

cannibalistic trait that prompts the female to lay her eggs singly, folded in leaves of waterplants, and the

denser these are the better suited for her purpose, as the eggs are better hidden, and greater opportunities

for escape are afforded to the newly-hatched larvae.

From The Victorian Naturalist XXXI, pp. 135, 137, January 7, 1915
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Burrow-use by herpetofauna of the Werribee-Keilor plains

Grant S Turner

103 Settlement Road, Bundoora, Victoria 3083

Abstract
Instances of herpetofauna from the Werribee-Keilor (basalt) plains using burrows, either self-constructed or
made by other organisms, are described. Eleven species, eight reptile and three frog species, were recorded us-
ing burrows as refugia. Of these, six species were found to occupy burrows made by invertebrates, mammals
and other reptiles while eight species were found to construct their own burrows. A close association between
two burrowing skinks, the Eastern Striped Skink Ctenotus robustus and Southern Lerista Lerista bougainvillii

,

and the occurrence of Corangamite stony loam soil is identified and discussed. ( The Victorian Naturalist , 131 (3),

2014, 72-83)

Keywords: burrows, basalt plains, soil, herpetofauna

Introduction
The herpetofauna of the Werribee-Keilor

(basalt) plains situated to the north and west

of Melbourne make extensive use of abun-

dant surface stone and the network of cracks

and cavities that form in the regions clay soils

(Brereton 1991; Ear will 1995; pers. obs.). By
contrast, relatively few reptile or frog species

inhabiting the plains are reported to construct

or otherwise use burrows made by other organ-

isms. In this work 1 detail observations on the

type and frequency of burrow- use by herpeto-

fauna of the Werribee-Keilor plains and exam-
ine its relationship to soil-type.

Methods
Observations occurred during the years

1990-1996 inclusive in grassland remnants of

the Werribee-Keilor plains whilst conducting

searches for reptiles and frogs. Searches took

place mostly by day and involved the visual

inspection of potential basking sites, the ex-

amination of surface burrows and the base of

grass tussocks and stones, and by lifting sur-

face stones and other potential refugia. All sites

were located within 30 km of the Melbourne
CBD. Suburban locations where observations

occurred included: Mcrnda, Mill Park, Bun-
doora, Thomastown, Somerton, Craigieburn,

Broadmeadows, Sunshine, Deer Park, Ardeer,

Derrimut, Altona and Werribee. Many of the

remnant grasslands at these localities have since

been greatly reduced in size, degraded or else

have been destroyed in their entirety due to the

expansion of urban and/or industrial develop-

ments. A few grasslands, such as those at Crai-

gieburn and Altona, survive as larger reserves.

Observations occurring at only one or two
particular localities are indicated; other obser-

vations may be assumed to have occurred at

three or more separate localities. Reference to

the adult’ size-class below is based on the aver-

age’ adult sizes given in Cogger (2000) for rep-

tiles and Barker et al. (1995) for frogs; the ‘sub-

adult’ and ‘juvenile’ size-classes are inferred

from these. Snout-to-uroslyle lengths (SULs;

±0.02 mm) and snout-to-vent lengths (SVL;

±1 mm) were measured; total lengths (TLs)

exceeding 500 mm were estimated to the near-

est 0.1 m; the maximum linear dimensions of

refuges and/or burrows were measured to the

nearest 5 mm. Where possible, the sex of indi-

viduals was identified. In some instances, not

all details were recorded in order to minimise

disturbance or because of time constraints.

For the purposes of this work, a ‘burrow’ is de-

fined as a subterranean cavity or passage made
by some organism. While burrow excavation

was rarely witnessed, indirect signs that a bur-

row had been made by some organism, rather

than being naturally formed, was indicated

primarily by its shape, evidence of digging and

also through consulting published descriptions

of the burrows made by particular organisms

(if known). Also, the consistent association of

the same organism with the same burrow-type

is indicative of their having made it. Natural-

ly formed ‘burrows’ that had been modified
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through occupancy could not be distinguished

from those constructed in their entirety by an

organism.

Nomenclature used below largely follows

Cogger (2000) with a few exceptions, namely

the correction of the specific name of the frog

Neobatrachus sudelli to N. sudellae (Shea 2012),

the use of the common name given in Barker

et al (1995) for this species and also for the

frog Litoria raniformis , and the generic reposi-

tioning of the snake Suta flagellum to Parasuta

flagellum in Wilson and Swan (2010) and other

recent publications.

Site Description

The Werribee-Keilor plains consist predomi-

nantly of four soil types: three soils with uni-

form texture: Corangamite stony loam, Gren-

ville and Mooleric clays and a fourth with

(alkaline) duplex texture: red-brown clay loam

of the Werribee plains (keeper 1982; Cochrane

et al. 1991). Of most relevance to this work are

differences in clay content rather than soil tex-

ture and thus 1 distinguish two basic soil types:

those with high clay content (Grenville, Mool-

eric and red-brown clay loam) and those with

low clay content (Corangamite stony loams).

Grenville clays typically occur on slopes and

plains beyond the influence of the stony rises

while Mooleric clays typically occur in between

and around the base of stony rises (Baldwin

1950). They are both grey to black in colour

and are common in grasslands north of Mel-

bourne (e.g. Bundoora, Craigieburn, Mernda).

The Corangamite stony loam soil is confined

largely to stony rises and cliffs/escarpment

lining creeks. It is a friable brown loam that is

high in organic matter and typically shallow

(it is hereafter referred to as Triable loam’ or

simply ToanT soil). At all localities, clay soils

were dominant, though they varied in physi-

cal structure and colour depending on the site,

and there was also significant variability within

some sites. The red-brown clay soils occurred

mainly on the Werribee plains to the west of

Melbourne (e.g. Ardeer, Deer Park, Rockbank

and Sunshine). The high clay content of basalt

plains soils leads to a significant contraction

when dry (approximately 13% of its area; Pat-

ton 1935) which is most apparent in summer

and autumn (Sutton 1916; pers. obs.). Cochrane

et al (1991) stated that the greatest movements

occur in dark clays formed on basalt of the

West Victorian Volcanic Plains, which takes

in most of Melbourne’s western suburbs and

much of the Western District. The friable loam

soils associated with stony rises do not exhibit

such movements because of their much lower

clay content (Patton 1935).

Observations

Species recorded using burrows made by other

organisms

Six species were recorded using burrows made

by other organisms (Table 1 contains details of

some particular instances). In all cases, other

organisms had recently occupied the burrow

(<12 months prior) and in several instances

(such as observations 1 and 3) still occupied

the burrow.

1. Yabbie burrows: Four instances of the South-

ern Water Skink Eulamprus tympanum and

six instances of the Spotted Grass Frog Lim-

nodynastes tasrnaniensis using Yabbie Cherax

destructor burrows were recorded (Table 1).

Yabbie burrows were bored into day soil,

often around the base of sedges, the edges

of well-embedded stones and also beneath

surface stones. Most instances of lizards and

frogs occupying yabbie burrows were ob-

served when stones were lifted revealing the

burrows beneath (eight of 10). Eulamprus

tympanum were observed either a short dis-

tance down the burrows or else were at rest

on the soil beside the stone and, upon being

disturbed, retreated beneath the stone and

down into the burrow. In several instances,

skuiks retreated down into water-filled bur-

rows and completely submerged themselves.

All L. tasrnaniensis were observed down moist

or water-filled burrows. The adults and juve-

niles of this species have a tendency to form

small aggregations beneath surface stones

when there is sufficient moisture (pers. obs.;

Johnson 1969); three of the observations

of this species involved small aggregations

of frogs occupying the same burrow (Table

1). Yabbies were observed occupying these

same burrows at other times of the year. All

of the above observations occurred 25-40 m
from Merri Creek at Craigieburn (144°58'E,
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Table 1. Some instances of basalt plains herpetofauna using burrows made by other organisms. Abbreviations
SUL = Snout-to-urostyle length, SVL = Snout-to-vent length, TL = Total length (tip of snout to tip of tail).

Date Species Organism Details

10/6/90 Southern Water Skink
Eulamprus t. tympanum

Yabbie burrow

14/4/91 Yabbie burrow

28/9/96 Yabbie burrow

3/8/91 Spotted Grass Frog
Limnodynastes tasmaniensis

Spider burrow

3/8/91 Yabbie burrow

7/8/93 Yabbie burrow

1/7/95 Yabbie burrows

6/7/91 Eastern Blue-tongued Skink
Tiliqua s. scinoides

Mus musculus
burrow

14/9/91 Mus musculus

burrow

13/6/92 Mus musculus

burrow

3/7/93 Mus musculus

burrow

10/4/94 Mus musculus

burrow

14/9/91 Sminthopsis

crassicaudata

burrow

28/1/92 Sminthopsis

crassicaudata

burrow

13/6/92 Sminthopsis

crassicaudata

burrow

11/8/91 Eastern Brown Snake
Pseudonaja t. textilis

Mus musculus
burrow

Small adult retreated down a burrow with

circular entrance ~ 25 mm diameter and depth
>15 cm in damp clay beneath a stone.

Two sub-adults located at the opening of bur-
rows with circular entrances ^ 20 mm diam-
eter in moist clay and depths >15 cm beneath
separate stones; water in both burrows.
Adult retreated down a burrow with circular

entrance - 25 mm diameter in moist clay and
depth >10 cm located beneath a 0.35 X 0.22 x
0.12 m stone.

Sub-adult SUL 25 mm located = 30 mm down
vertical burrow with circular entrance = 15

mm diameter in moist clay at base oflussock;

burrow depth >7 cm.
Two adult :-?s SULs 34, 38 mm, one adult $
SUL 38 mm in direct body contact 10-30
mm down burrow with circular entrance ~ 25
mm diameter in clay; water in burrow.

Two small s SUL 30 mm for both; 30-50
mm down burrow with circular entrance ~ 25
mm diameter in moist day; water in burrow.

Sub-adults (n = 3 together in one burrow) and
adults (n = 2, separate burrows); all burrows
with circular entrances - 20 mm diameter in

moist day beneath stones.

Juvenile SVL 145 mm curled-up in remnants
of grassy nest in cavity with a single- entrance

beneath 0.45 X 0.35 X 0.25 m stone on clay

soil.

Adult SVL 290 mm curled-up in large

multiple-entrance cavity beneath 0.76 X 0.58 X
0.15 m stone on clay soil.

Adult SVL 250 mm curled-up in large depres-

sion with a single-entrance beneath 0.36 X
0.33 X 0.10 m stone on day soil.

Adult SVL 243 mm curled-up in grass nest of

T. triandm leaves in large cavity with beneath

0.49 X 0.33 X 0.14 m stone on clay soil.

Juvenile SVL 156 mm curled-up in a spherical

grass nest in a large single-entrance cavity

with beneath 0.47 X 0.24 X 0.19 m stone on
clay soil.

Adult SVL 290 mm in single-entrance cavity

with hemispherical grass nest of Ihemeda
triandm leaves beneath 0.76 X 0.58 X 0.15 m
stone on moist day soil.

Adult SVL 285 mm in remnant grass nest in

cavity with two entrances beneath 0.27

X 0.23 X 0.15 m stone on dry clay soil.

Juvenile SVL 160 mm curled-up in a single-

entrance burrow beneath a well-imbedded
stone 0.43 X 0.27 X 0.12 m on clay soil.

Sub- adult TL ~ 1 m in single-entrance cavity

beneath stone 0.48 X 0.47 X 0.14 m on damp
clay soil.
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Table 1. cont.

Date Species Organism Details

16/2/91

12/2/94

29/8/96

Mus musculus
burrow

Rodent burrow

Tiliqua s.

scincoides burrow

Tiliqua s.

scincoides burrow

Adult TL 1 .2 m retreated into circular en

trance hole -- 45 mm diameter leading to large

cavity beneath stone 1 .0 8 0.8 * 0.4 m on loam

soil.

Adult TL - 1 .5 m retreated into circular (40

mm diameter) hole at base of escarpment in

clay soil; two other entrances nearby (< 0.5

m).

Adult TL - 1 .2 m in a single-entrance cavity

beneath a large stone in clay soil.

Adult TL~ 1 .0 m beneath stone located 1.2 m
from a dry-stone wall on moist clay soil.

Juvenile TL ~ 0.3 m in a cavity with remnant

grassy nest beneath stone in dry clay soil.

24/6/95 Eastern Tiger Snake
Notechis scutatus

24/6/95 Mus musculus
burrow

37°38'S) in what now forms part of the Crai-

gieburn Grasslands Reserve.

2. Spider burrow: One instance ofa sub-adult L.

tasmaniensis occupying an abandoned Wolf

Spider Tasmanicosa sp. (Lycosidae) burrow

in clay soil was recorded (Table 1 ). Ibis ob-

servation occurred just south of the Craigie-

burn Grasslands Reserve.

3. Small mammal burrows: Both juvenile and

adult Eastern Blue-tongued Skinks Tiliqua

scincoides scincoides have been observed us-

ing burrows made by the House Mouse Mus
musculus (n=5; Fig. 1) and the Fat-tailed

Dunnart Sminthopsis crassicaudata (n=3)

(Turner 2010). In most ofthese instances, T. s.

scincoides was found occupying a nest which

months earlier, or sometimes the previous

winter, had been occupied by either of these

species. Additional records of T. s. scincoides

occupying mouse nests/burrows (n-4) could

not be confidently assigned to either spe-

cies. All burrows had relatively narrow (<50

mm width) entrance tunnels through clay soil

beneath stones, leading to larger cavities in

which the stone formed the roof of the cavity;

occasionally there were multiple entrances.

The spherical grass nests of M. musculus

and S. crassicaudata located in depressions

beneath stones were sometimes occupied by

overwintering T. s. scincoides (n=3) and also

by juvenile Eastern Brown Snakes Pseudona-

ja textilis textilis (n=2) and a juvenile Eastern

Tiger Snake Notechis scutatus (n=i). Adult

P. t. textilis (n=3) and an adult N. scutatus

(n=l) were observed retreating down what

appeared to be rodent burrows on being

disturbed. These burrows had inverted U-

shaped entrances, approximately 30-50 mm
both in width and height, bored into clay soil

along eroded creek banks. Furthermore, both

species were observed occupying burrows

and cavities beneath stones previously oc-

cupied (and presumably constructed by) M.

musculus (n>15; details of five instances are

in Table 1). Hoser (1991) documents an ag-

gregation ofsix adult P. t. textilis unearthed at

Melton Airport apparently occupying a sub-

terranean cavity with no obvious entrance.

4.

Reptile burrows: Two instances of juve-

nile P. t. textilis occupying burrows previ-

ously made by adult Eastern Striped Skink

Ctenotus robustus (see below) beneath stones

on loam soil were recorded. At least three in-

stances of adult P t. textilis and one instance

of a juvenile N. scutatus occupying burrows

beneath stones made by adult T. s. scincoides

the previous winter were also recorded

(Table 1). There were at least 15 instances of

both juvenile and adult Little Whip Snakes

Parasuta flagellum being located in burrow

cavities beneath stones that were previously

occupied by adult C. robustus.

Species that construct burrows

Eight species were recorded occupying burrows

that they apparently had constructed (Table 2):

1. Burrows of Sudells Frog Neobatrachus siuiel-

lae were occasionally observed beneath or

around the edges of stones especially follow-

ing heavy rain (n=18). These burrows were
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Fig. 1 . An adult Eastern Blue-tongued skink Tiliqua scincoides scincoides (partly visible left of centre) in

situ in a single entrance over-wintering burrow (approximate outline shown) excavated beneath a stone
resting on clay soil. Much of the burrow cavity is filled with dried Kangaroo Grass Themeda triandra
leaves and was occupied by Fat-tailed Dunnarts Sminthopsis crassicaudata earlier in the year.

typically vertical, 70-100 mm depth, and

with a distinctive neat circular opening 20-30

mm diameter (Fig. 2). Sometimes adult frogs

were located at the bottom of burrows (n=8).

It was common to observe two or three such

burrows beneath the same stone, perhaps

indicating repeated use of the stone by frogs

(n=4). Burrows were located mostly in loam
soil on stony rises but others were in clay soil.

No other reptiles or frogs were observed oc-

cupying N. sudellae burrows. Two N. sudellae

were (accidentally) unearthed from burrows
150-200 mm deep in hard clay soil during

summer.

2. Adult and sub-adult Eastern Banjo Frogs

Limnodynastes dumerillii dumerillii were

observed occupying shallow burrows and
soil depressions of their own making be-

neath stones (n=ll) in a variety of soils. In

one instance a sub-adult (SUL 25 mm) was

located beneath a 0.52 x 0.45 x 0.15 m stone

in a shallow depression in moist loam soil.

A similar depression was located a few cen-

timetres away. One specimen was unearthed

from a burrow approximately 100 mm deep

in hard clay soil during summer.

3. Ctenolus robustus were commonly observed

using burrows that consisted of cavities with

one or two narrow entrances excavated in

loam soil beneath stones (n=28). Burrows

did not extend vertically down into the soil

to any significant extent (<5 cm) but instead

extended horizontally beneath the stone

sometimes to matted-grass roots around

the edges of the stone, and some burrows

extended to adjoining stones. Burrows had

either a single or multiple (up to three) en-

trances at the edge of the stone. There was

much variability in burrow shape, which in

most instances seemed to be limited by shal-

low soil or by the convexity of the stone. All

except one individual were beneath stones

resting directly on loam soil (62 of 63; 98%);

the exception was a burrow excavated in a

small soil accumulation between exfoliating

basalt stones. There was a significant asso-

ciation between size-class and burrow con-

struction, with adults tending to construct
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Fig. 2. Three burrows of the Sudells Frog Neobatrachus sudellae located beneath and near the edge of a stone

resting on moist clay soil; the burrow on the left was occupied by an adult frog.

Fig. 3. Three Eastern Striped Skinks Ctenotus robustus, an adult and two juveniles, in situ beneath a stone

resting on loam soil. The adult occupies a large cavity with two entrances (approximate outline shown) while

the two juveniles occupy shallow depressions.

78 The Victorian Naturalist



Contributions

burrows and sub-adults/juveniles occupying

shallow soil depressions or else no deforma-

tion of the soil surrounding individuals was

evident (2x2 contingency table with Yates

correction for continuity; y
2=\2A6, 1 df,

P=0.0004). While most C. robustus occurred

singly beneath stones, there were some in-

stances of multiple lizards occurring beneath

the same stone during months of inactivity,

though never in direct body contact: one

adult and two juveniles (Fig. 3), two adults

and one juvenile, one adult and one juvenile,

and three instances of two juveniles.

4. Nearly all individuals (comprising all size-

classes) of the fossorial skink Southern

Lerista Lerista bougainvillii were encountered

partially or completely concealed in soil cavi-

ties beneath surface stones (including well-

embedded stones) where they occupied bur-

rows which extended across the soil surface

beneath the stone and down deeper into the

soil (10-15 cm). Individuals were also un-

earthed 10-20 mm below the soil surface in

loose friable loam exposed to direct sunlight

(n=18). They were frequently encountered

during summer months, concealed 10-20

mm below the soil beneath well-exposed sur-

face stones (n>40). A total of 83 of 85 (97%)

individuals were located in loam soil; the two

exceptions were located in dry friable black

clay soil with loam soil located only metres

away. They were not recorded at all on the

red clay duplex soils of Deer Park and Altona

grasslands. 'The extent of L. bougainvillii bur-

rows is unclear but they appear, at least in

some cases, to be quite extensive, with some
having been excavated over horizontal dis-

tances exceeding 60 cm.

5. Cunnninghams Skinks Egernia cunning-

hami
, being saxicolous in habit, were rarely

observed to use burrows (<5% of all encoun-

ters) and were therefore most frequently

found occupying stone crevices in escarp-

ment, dry-stone walls and stone piles. Adults

were observed using burrows with well-worn

entrances at the base of large stones form-

ing escarpment but in most cases these did

not extend significantly below ground level

(n=9). They were seen at or near burrow en-

trances and would retreat inti) burrows when
approached. I heir scats were frequently lo-

cated near entrances and along the base ofes-

carpment and outcrops, indicating frequent

and/or repeated use. Three adult E. cun-

ninghami were located singly beneath stones

resting directly on soil, having excavated a

short (<0.2 m) single-entrance burrow, ter-

minating in a large cavity. Several adults were

observed to use natural hollows/cavities in

large fallen, decaying River Red Gums Euca-

lyptus camaldulensis in northern grasslands.

Two instances of adult E. curminghami using

underground cavities formed by large stones

packed around underground water pipes on

grassland fringes were recorded. Burrowing

was also observed in a captive colony of E.

cunninghami maintained under natural con-

ditions with burrows being dug up to 40 mm
below ground level through clay soil beneath

stones that formed part of a stone pile which

lizards used as a retreat.

6. Tiliqua s. scincoides of all sizes were found to

have dug through clay and loam soil to gain

access to existing cavities, or else excavated

cavities beneath stones. These instances rep-

resent 22% of all individuals located beneath

ground cover (17 of 77). The appearance of

over-wintering skinks caked’ in dry clay or

loam, particularly on the head and forelimbs,

was consistent with the occurrence of exca-

vated access tunnels and/or cavities beneath

stones where skinks resided (n=13; Turner

2010). In some instances individuals ap-

peared to have simply enlarged existing gaps

and depressions between the surface stones

and surrounding soil. Burrows typically had

a single entrance with skinks curled up in the

cavity, tail curled around to near the head

and typically pointing towards the entrance.

The stone formed the roof of the cavity in all

instances, though often a soil over-hang was
evident around the edge of the cavity. In four

instances two entrances were clearly visible.

7. Two instances of Striped Legless Lizards Del-

ma impar occupying burrows were recorded,

representing 11% of all occurrences of this

species beneath ground cover (two of 19).

Both records were of single-entrance bur-

rows beneath surface stones on clay soil: (i)

an adult (~200 mm total length) with head/

anterior body protruding from a hole only

slightly wider than the head in clay soil be-
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neath a 0.20 x 0.10 x 0.06 m stone (ii) a juve-

nile (-100 mm total length) had just its head

protruding from a small hole (only slightly

wider than the width of its head; =5 mm) be-

neath a small stone (0.08 x 0.04 x 0.01 m).

All other D. impar located beneath stones

occupied shallow soil depressions or small

cavities. All individuals were from localities

on duplex red clay soils.

8. Parasuta flagellum were observed to bur-

row directly into soil beneath stones on

only eight occasions, representing less than

2% of all occurrences beneath ground cover

(eight of 522). In all eight instances, burrows

were in loam soil. In one particular instance

the same adult snake was found occupying

a single-entrance burrow beneath a stone

for at least 2.5 months during winter; it re-

treated down into the burrow each time the

stone was lifted. In two other instances the

head and anterior body of the snake was pro-

truding from the burrow and immediately

withdrawn down into the burrow when the

stone was lifted. Two of the burrows were

approximately 50 mm in depth. In another

three instances the species was found occu-

pying cavities formed in between sub-surface

stones and surrounding loam soil (at depths

of 10-15 cm) with a single entrance hole

located at the surface. Typically this species

was located beneath surface stones lying di-

rectly on the soil surface, sometimes in shal-

low depressions or soil cavities or else were

located in basalt exfoliations. In captivity,

both adults and juveniles maintained in an

enclosure with approximately 150 mm depth

of the same loam soil would readily burrow,

leaving neat circular openings on the surface

leading down to the bottom of the enclosure

where they occupied small cavities which

they had apparently made.

Discussion

Most species of reptiles and frogs inhabit-

ing Werribee-Keilor plains grasslands occupy

gaps and cavities beneath surface refugia (i.e.

stones), especially during the winter months

when activity is minimal or has ceased en-

tirely. During the warmest months it appears

that many of these surface refugia are rendered

unsuitable due to high day-time temperatures

and/or dryness (Turner 1989; pers. obs.). It is at

this time of year that many species use subter-

ranean refugia which form as a consequence of

the regions contracting clay soil. The following

species all have been directly observed using the

extensive network of soil cracks and cavities as

refugia (pers. obs.; Turner 1989): Southern Bell

Frog Litoria raniformis, L. tasmaniensis , E. tym-

panum, Grass Skink Lampropholis guichenoti ,

Tussock Skink Pseudemoia pagenstecherii ,

Lowland Copperhead Austrelaps superbus , N.

scutatus , P. flagellum and P. t. textilis. In the

cooler months, crevices in basalt exfoliations

are exploited by most of these species as well as

the Marbled Gecko Christinas marmoratus.

Nearly all burrows described in this work

were associated with basalt stones (i.e. were

constructed beneath or around the edges of

stones) but there is no reason why burrows

used by reptiles and frogs should not occur

more widely within grassland habitat and per-

haps be associated with other habitat features

(e.g. soil type, elevation, vegetation, etc.). It

was, however, neither practical nor desirable

to destructively examine the soil layer (away

from stones) for burrowing reptiles and frogs

in grassland remnants. The extent to which this

limitation in detecting burrows affected the fre-

quencies obtained in the results is not entirely

clear as burrows associated with stones may be

preferred by some species compared to burrows

constructed in open ground for several rea-

sons, e.g. (i) their entrances are generally well

concealed and may, therefore, provide greater

protection from predators and (ii) they are less

likely to experience the extremes of tempera-

ture, inundation and (low) humidity.

The extent of burrow-use recorded in this

work, in some species at least, is significantly

underestimated as a consequence of the search

methods employed. In particular, the frequency

of burrowing in the frogs N. sudellae and L. d.

dumerillii is likely to be significantly underes-

timated because these species burrow directly

into soil away from stones and have closed-en-

trance burrows that are difficult to detect visu-

ally (pers. obs.). I have observed these species

only in the weeks following heavy rain, beneath

stones while moist conditions persisted there,

only to vanish once the soil (beneath stones)

dried out again. On a few occasions these spe-
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cies were accidentally unearthed from burrows

in grasslands. Interestingly, McCoy (1880) not-

ed that L. d. dumerillii habitually buried them-

selves seven or eight inches under the surface

of the light sandy soil of Brighton and other

similar localities on the south coast, where they

could be dug out any day in considerable num-

bers. It is likely that both frog species are con-

siderably more common in grasslands than is

indicated by searching ground cover, and this

is supported by observations of their breeding

activity (both eggs and larvae) at a number of

grassland sites (pers. obs.). Both species are

well adapted to constructing their own burrows

due to the possession of an (inner) metatarsal

tubercle but, even with this adaptation, burrow

construction in clay soil (as well as emergence

from burrows) would seem possible only when
the soil is sufficiently moist.

The dominant clay soils of the Werribee-

Keilor plains are not particularly amenable to

burrow construction by many of the reptile and

frog species inhabiting the region, as most of

these species lack specialised adaptations for

either digging or burrowing. It is, therefore, not

surprising that the two reptile species that most

frequently construct their own burrows do so

in loam, rather than in clay soil. The small-

scale distributions of the lizards C. robustus

and L. bougainvillii on the Werribee-Keilor

plains appear to be closely associated with the

occurrence of Corangamite stony loam soil.

Both species were recorded on stony rises and

at, or near, the top of escarpments where loam

soil occurs and were only rarely located on clay

soil (see Observations). The fossorial habit of L.

bougainvillii may explain this preference since

(undisturbed) clay soil, irrespective of moisture

content, is generally quite stiff and would pre-

sumably hinder the movements of this small

lizard. The association of C. robustus with loam

soil might be due, at least in part, to the dif-

ficulty this moderately-sized skink (SVL 110

mm) has in constructing burrows in clay soil.

It might also be significant that these two skink

species are oviparous and bury their eggs in

shallow burrows (pers. obs.). Of course there

may be other microhabitat features associated

with loam soil that makes it preferable for both

species. No other reptile or frog species inhabit-

ing the Werribee-Keilor plains appears to show

such a strong association with soil type.

Basalt plains herpetofauna that have a natu-

ral tendency to burrow, but do so rarely on the

plains, should show an increased incidence of

burrowing outside the region in soils that are

more conducive to burrowing.

Parasuta flagellum is one species which ap-

pears to exhibit this pattern, despite its lack of

any special adaptations for burrowing. Its com-

monly cited habit of ‘
... being often dug out

of light sandy soil of gardens from a depth of

several inches (e.g. Waite 1929; Gow 1976),

is attributable to McCoy (1878) who makes this

comment in reference to specimens collected

from sandy soils at Brighton Beach. Parasuta

flagellum occur in the coastal heathlands of

Altona (Altona Coastal Park), Cheetham Wet-

lands and Point Cook, which also have sandy

soils, and in limited sampling at these sites I

have located individuals in burrows in moist

sand beneath stones (three of 1 1 individuals).

These observations, combined with those of the

species in captivity, suggest that P. flagellum has

a natural tendency to burrow. That this species

rarely burrows in basalt plains grasslands may
be attributed to the difficulties of burrowing in

clay soil and/or the abundance of alternative re-

fugia.

Other members of the water skink genus Eu-

lamprus appear to also use crustacean burrows

as refugia. The Alpine Water Skink Eulamprus

kosciuskoi is described as being a secretive spe-

cies that usually retreats rapidly into a burrow

when disturbed and that

‘the burrows used by this species appear to be

made by the freshwater crayfish (Euastacus) ...
r

lhese burrows are often flooded in winter but it

is not known if the Alpine Water Skinks still use

them as hibernation sites/

(Greene and Osborne 1994, pi 04). The Blue

Mountains Water Skink Eulamprus leuraensis

‘When disturbed ... rapidly took shelter either

in dense grass tussocks or down holes (pos-

sibly yabby burrows) in the peat substrates.’

(Shea and Peterson 1985, p. 144). The East-

ern Water Skink Eulamprus quoyii has been

observed using both crustacean and rodent

burrows bored into the sides of drainage lines

bordering sugar cane fields in north Queens-

land (pers. obs.). A number of frog species also
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have been recorded using yabbie burrows e.g.

Giant Burrowing Frog Helioporous australiacus

(Griffiths 1 997). Yabbies are well known for their

burrowing habit and ability to tolerate long pe-

riods of drought by burrowing deep into moist

soil (Jones and Morgan 1994). Yabbie burrows

on the Werribee-Keilor plains possibly provide

moist microhabitats in areas otherwise lacking

surface water or moisture and may, therefore,

permit both E. tympanum and L. tasmaniensis

to occupy refugia away from riparian zones

bordering watercourses. The fact that most of

these burrows were beneath stones would aid in

reducing evaporative water loss from the bur-

rows. At the site where observations occurred,

E. tympanum were typically observed using es-

carpment lining creeks, within approximately 8

m of the waters edge (cf. 25-40 m where bur-

rows were located).

Two basalt plains reptiles have been recorded

using spider burrows as refugia: the (presumed

locally extinct) Southern Lined Earless Dragon

Tympanocryptis lineata pinguicolla was noted

as ‘retreating into small holes, like those of

the “Trap-door Spider,” in the ground when
alarmed' (McCoy 1889: 298). There is a single

record of D. impar occupying a spider burrow

in ACT grasslands (in Smith and Robertson

1999). Ehmann (1992) stated that D. impar

frequently takes up long-term residence in a

spider burrow from which it ambushes prey

and where it also lays its eggs; however, neither

the circumstances, sample size nor provenance

of these interesting observations is indicated.

Lucas and Frost (1894: 39) stated in regard to

D. impar that ‘Large numbers were turned up

by the pick and shovel in removing the surface

soil in the construction of the sewers at Wer-

ribee’. Coulson (1990) recorded three other

instances of D. impar being located in soil on

the Werribee-Keilor plains and three separate

records of (multiple) specimens from west-

ern Victoria being unearthed when ploughing

paddocks that had lain fallow for many years

or previously had not been cultivated. These

observations suggest that subterranean con-

cealment may be common in D. impar inhab-

iting the plains, but whether this is the result

of burrowing or the occupation of natural cavi-

ties in clay soil is unclear. Wilson and Knowles

(1988) recorded this species in mats of dead

vegetation and grass tussocks. Both T. 1. pingui-

colla and D. impar species also are known to use

surface stones as refugia (Lucas and Frost 1894;

Coulson 1990; pers. obs.).

The significant association between size-class

and burrow construction in C. robustus may be

a simple function of body size. Adults, being

larger, may require the excavation of soil to gain

access and/or to create a sufficiently large cavity

beneath stones; juveniles may be small enough
to access and occupy existing gaps and cavities.

Alternatively, burrow construction in adult C.

robustus may indicate prolonged use of a par-

ticular refuge and be associated with the estab-

lishment of a territory or home-range. In the

Copper- tailed Skink Ctenotus taeniolatus from

the New England Tablelands region of NSW,
both adults and juveniles constructed burrows

and both burrow size and structure did not

vary between them (Taylor 1984). Conspecific

C. taeniolatus were rarely found together under

the same rock and never were found within the

same burrow. Both these observations are at

odds with burrow-use observed in C. robustus

in this work. Taylor (1984) further noted that

when inactive in burrows, C. taeniolatus were

usually in a curled position with the tail bent

towards the head, and the fore- and hind-limbs

pressed against the body with the front and rear

feet resting on the dorsal surface. I frequently

have observed the same posture adopted by

inactive C robustus. Hawkeswood (2004)

observed G robustus using short shallow bur-

rows in soft grey sand beneath concrete slabs

at Hastings Point, NSW and noted that their

presence in burrows was indicated by the ac-

cumulation of scattered beetle remains and

a brushed pattern in sand radiating out from

the burrow entrance. While adult G robustus

burrows from the Werribee-Keilor plains

showed signs of frequent use, such as exposed

or disturbed soil around the entrance, remains

of potential prey were not commonly observed

near the burrow entrance.
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Ninety-nine Years Ago

Notes on English and Japanese newts in Victoria

By II. W. Davey, F.E.S.

(Read before the HieId Naturalists ' Club of Victoria, 14th Dec, 1914.

)

The larva, on breaking loose from the egg, is rather a helpless creature for some days, and spends most

of its time lying on the bottom of the pond, or clinging to some plant or other object in the water. It is at

this time that great numbers of them are eaten by the adults of their ow n and other species, who are most

diligent in their search after them.

When disturbed the larva makes a dash away for a short distance before settling down again. Aquatic

beetles and their larvae, bugs, and small fish also feed largely upon them at this stage, but the newt larvae

soon gain strength and swimming powers, and with greater ease escape their enemies, and can more safely

emerge from the cover of the w aterplants into more open water. Their growth is now rapid. The length

of time taken by M[olge\ cristatus to mature from hatching to the lung-breathing state in Victoria varies

from 93 to 1 OS days.

From The Victorian Naturalist XXX 1
.
pp. 138, January 7, 1915
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The Tasmanian records of the Prickly Arrowgrass

Triglochin mucronata R.Br.

John Whinray

Flinders Island, Tasmania, 7255

Abstract:
The first Tasmanian record of the Prickly Arrowgrass Triglochin mucronata R.Br. was made in a small seasonal

lagoon on Vansittart Island in the Furneaux Group in 1969. The Arrowgrass was then found at three sites on

Flinders Island. The first two, made in late 1970, were beside the Long Point Saltings and on the nearby Long
Point sedge flat. Ihe final early record was made on the inner side of the blocked mouth of Camerons Inlet in

1976. The records made when the Flinders Island localities were searched in 2007, and the two major areas

were checked in 2012 and 2013, are set out. The threats to the various localities are noted and suggestions made
to safeguard them. The taxon is scheduled, under the Tasmanian 'Threatened Species Protection Act 1995, as

endangered’ {The Victorian Naturalist, 131 (3), 2014, 84-89)

Key words: Prickly Arrowgrass, Triglochin mucronata , Flinders Island, Vansittart Island, endan-

gered Tasmanian plant.

Note that throughout this account the exotic species are marked by asterisks.

The early records: 1969 to 1976

Vansittart Island

The small seasonal lagoon behind the south-

western end of Guncarriage Bay was full in

September 1969. It had a margin of Sea Rush

Juncus krausii subsp. australiensis with a lower

layer ofSharp Leaf- rush Schoenoplectus validus.

The latter extended out into the water, peter-

ing in a mat of Hooded Milfoil Myriophyllum

muelleri.

Eighteen more herbs grew in the Sea Rush belt.

The Bucks-horn Plantain *Plantago coronopus

was very common. 1 Ihe others included Wiry

Centrolepis Centrolepis polygyna , Slender Co-

tula Cotula vulgaris var. australasica, the deli-

cate form of the Sea Celery Apium prostratum

subsp. prostratum , Shiny Bog-rush Schoenus

nitens, Creeping Monkey-flower Mimulus re-

pens , Woolly Clover * Trifolium tomentosurn

and Australian Lilaeopsis Lilaeopsis polyantha.

There was also a very small ‘rush with distinc-

tive buds. Some plants were grown at home
and, by 14 November, formed the distinctive

fruits of the Prickly Arrowgrass Triglochin

mucronata. The field notes give no indication

of how common this herb was.

Flinders Island

Long Point Saltings

In early December 1969 the higher ground

within the much-burnt northern edge of

this saltings carried Salt Tussock Austrostipa

stipoides over Beaded Glasswort Sarcocornia

quinqueflora , Thick-headed Glasswort Sarco-

cornia blackiana , Trailing Hemichroa Hemi-

chroa pentandra and Rounded Noon -flower

Disphyma crassifolium subsp. clavellatum. The

eight other herbs included Bucks-horn Plan-

tain
4
Plantago coronopus , White Sebaea Sebaea

albidiflora , Annual Celery Apium annuum,

Creeping Brookweed Samolus repens, Perennial

Rye-grass *Lolium perenne, Prickly Arrowgrass

and a mat of Narrow-leaved Wilsonia Wilso-

nia backhousei. The field notes do not say how
common the Arrowgrass was.

Long Point Sedge Flat

In October 1970 the vegetation of the lower

ground of the northern remnant of this flat

had Coast Saw-sedge Gahnia trifida as its main

dominant. Sea Rush was a minor co-domi-

nant in parts, as was Salt Tussock Austrostipa

stipoides. The latter grass was also the main
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second layer. There were open patches some 20

to 30 yards north of the Palana Road and they

carried some Bare Twig-rush Baumea juncea

and occasional Salt Lawrencia Lawrencia spi-

cata over low herbs. These were scattered Shiny

Bog-rush Schoenus nitens, plus Salt Angianthus

Angianthus preissianus
, White Sebaea Sebaea

albidiflora, Narrow-leaved Wilsonia, Tiny Ar-

row-grass Triglochin minutissima and Prickly

Arrowgrass.

Camerons Inlet

The mouth of this extensive inlet is blocked by

a broad low dune of largely bare sand. A nar-

row arm extends north from the inlets eastern

edge. In November 1976 a track ran around its

head and then down the eastern side passing

through a belt of Beaded Glasswort Sarcocor

-

nia quinqueflora . The Prickly Arrowgrass was
found in this belt in late November 1976. There

were no other herbs with it.

The Records of 2007

Long Point Sedge Flat

In late October the Prickly Arrowgrass was
found at or near the October 1970 site. It was
in a gap in the dominant vegetation and just

north of the major occurrence of Silky Wilso-

nia Wilsonia hutnilis of the northern remnant.

Salt Tussock was very uncommon here (c. 5%).

Salt Angianthus (c. 25%) was dominant, in the

lower layer, over Narrow-leaved Wilsonia (c.

35%). There were at least 14 plants of Prickly

Arrowgrass in the 3 by 3 m site. Some formed

small clumps and so it was difficult to establish

an exact figure without causing damage The ma-
jor occurrence of this visit was near the south-

eastern corner where clearing a firebreak had
lowered the surface of the soil about 20 years

previously. The vegetation is still regrowing. Salt

Tussock (c. 15%) and Bare Twig-rush (c. 25%)
were dominant over scattered herbs. The native

species were Narrow- leaved Wilsonia, Swamp
Selliera Selliera radicans> Salt Angianthus, a

Club-rush tsolepis sp. and Prickly Arrow-grass.

Toad Rush *Juncus bufonius , Bucks-horn Plan-

tain and Coast Barb-grass were sparse and all

these exotics were weeded. There were >200
plants of the Prickly Arrowgrass in an area 5

by 2 m. There were also 22 more plants from
1 1-15 m north-east on the firebreak. There was
even less regrowth here and the associated spe-
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cies, all of which occur at the major site, were

very sparse. Just one more Prickly Arrowgrass

was found elsewhere on the block.

The south-western remnant was also exam-
ined thoroughly. Only two plants of the Prickly

Arrowgrass were found. They were at and by

the major south-western patch of the Silky

Wilsonia. Water lies at this spot, and also at the

other localities, each Winter.

Long Point Saltings

The site of December 1969, on higher ground

just north of the northern edge of the saltings,

was checked in late October 2007. The strip of

land had been burnt several times since 1969.

Prickly Arrowgrass was found in one square

metre. Trailing Hemichroa was the sparse

dominant and Rounded Noon-flower was en-

croaching on the partly-bare ground. The other

herbs were a Club-rush Isolepis sp., Salt Ang-
ianthus, Coast Barb-grass *Parapholis incurva,

Water-buttons *Cotula coronopifolia , Beaded
Glass-wort and a Sand-spurrey Spergularia sp.

The Prickly Arrowgrass extended westward in

Trailing Hemichroa (c. 30%), Coast Barb-grass

(c. 10%), Beaded Glasswort, Creeping Brook-

weed, Water-buttons and young Rounded
Noon-flower.

Just into the northern end of the Saltings, in

the gaps between the dominant bushes of the

Samphire Sclerostegia arbuscula , Prickly Ar-

rowgrass grew amongst Trailing Hemichroa,
Beaded Glasswort thinned by dying back, and
Rounded Noon-flower.

There were more plants to the eastward in

c. 10 m by 10 m of open, died-back Beaded
Glasswort but they ceased at the eastern end at

the denser growth of Trailing Hemichroa with

Glasswort that had not died back.

Taller Prickly Arrow-grass plants were found
further to the east where the ground was slight-

ly higher. The Beaded Glasswort had thinned
here as well. Rounded Noon -flower was a mi-
nor species. Also present were Water-buttons
* Cotula coronopifolia , Salt Angianthus, Trailing

Hemichroa (also a minor species) and Slender

Cotula Cotula vulgaris var. australasica. The lat-

ter were very common, >120 plants. There were
more than 100 Prickly Arrow-grass plants in 1

by 2 m.
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Others extended to the south-east and to 5 m
west of the site. More were noticed about 25 m
south south-west on a slight rise amongst the

Samphire bushes.

Mouth ofCameron’s Inlet

The inspection of 22 November began on a

largely disused track, in a swale parallel with the

coast, north of the inlet’s northern extension.

Two hundred and thirty-five plants of the Prick-

ly Arrowgrass were found along about 50 m of

the track. Very few were more than a metre away

from it. The densest section held 62 plants in 2

by 2 m. Sea Rush was the very sparse dominant

(c. 2%). Shiny Bog-rush Schoenus nitens , Creep-

ing Brookweed and a Club-rush Isolepis sp. (all

c. 15%) were the main herbs. Wiry Centro-

lepis and Slender Cotula were both about 10%.

There were lesser amounts of seven more herbs

including Oval Purse Hornungia procumbens,

White Sebaea Sebaea albidiflora, Salt Couch

Sporobolus virginicus and Jersey Cud-weed

Pseudognaphalium luteo-album. About 25% of

the spot was bare sand. To judge by the asso-

ciated species, this site was the least saline of

those on Flinders Island.

The inlets northern extension divides into

three short arms. Thirty- four Prickly Arrow-

grass plants were counted in a 2 by IV2 metre

site between the western and central ones. The

major herbs were Beaded Glasswort (c. 35%)

and lower Creeping Brookweed (c. 30%). The

minor herbs were Trailing Hemichroa, a Club-

rush Isolepis sp., Australian Lilaeopsis Lilaeop-

sis polyantha , Streaked Arrowgrass Triglochin

striata and two plants of Tall Blown-grass

Lachnagrostis filiformis . This site was very fine

sand with decayed slime throughout.

The other four sites were on low dunes rising

above the saline flat carrying Beaded Glass-

wort. Only the first will be detailed. It was the

southern slope of a small sand mound rising

about 45 cm above the general level. The Prick-

ly Arrowgrass would have been missed had the

Annual Beard-grass *Polypogon monspeliensis

not been weeded. It totalled some 10% before

removal. The site also carried Beaded Glass-

wort (c. 40%), one Dune Thistle Actites mega-

locarpus, Coast Fescue Austrofestuca littoralis

(c. 5%), Club Rush Isolepis sp. (c. 5%), Creep-

ing Brookweed (c. 5%) plus lesser amounts of

Slender Cotula, Tall Blown-grass Lachnagrostis

filiformis, and Australian Lilaeopsis. There was

also just one Dwarf Arrowgrass Triglochin na-

num. The Prickly Arrowgrass plants were taller

than the Beaded Glasswort and totalled about

70 in 3 by 2 m.

The other localities were also on the slopes

of dunes rather than on their crests or crowns.

They had 35 plants in 2 by 2m, c. 100 scattered

in about 20 by 8m, and 16 in 2 by 2m. In all

the five sites by the mouth carried about 485

plants. There was no sketch map in the notes of

1976 and the attempt to find that year’s locality

was unsuccessful. Only one Prickly Arrowgrass

was found between the first and second sites of

2007. Motor-cyclists had severely damaged the

vicinity, stripping away most of its vegetation.

The remnant scattered plants of four species

included Beaded Glasswort, as the main herb,

and they covered about one third of the sur-

face.

Camerons Inlet in 2012 and 2013

The mouth of Camerons Inlet was visited on 25

November 2012; five of the recorded sites had

been under water for many months. Although

two of their dunes had partly emerged, just

several hardy perennials such as the Beaded

Glasswort and the Creeping Brookweed had

survived. While the northernmost site, on an

abandoned track, had not been flooded, it had

been very wet and there was no trace of the

Prickly Arrowgrass or of most of the ephemeral

herbs that were recorded with it in November
2007.

On 26 October 2013 the water-level was even

higher than last year and all but the northern-

most site were fully submerged. The southern

section of the old track was under water and the

balance had been very wet. A hard westerly gale

was blowing and, in several minutes, the water

moved 5 m to the north, flooding even more of

the track. There was no trace of the Arrowgrass

or of all but one of the other ephemeral herbs.

Three very small sites, on slightly higher sand,

were noticed just east and west of the old track.

There were 47 Arrowgrass plants in about 7

square m.

Long Point Saltings in 2012 and 2013

The northern end of the Long Point saltings

was re-visited several times between October
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and November 2012. There was no trace of the

Arrowgrass at the main site amongst the Trail-

ing Hemichroa and Beaded Glasswort. The lat-

ter, which had died back to a very sparse cover

in 2007, had regrown densely. A novel site was
found along the northern edge of a strip of
ground, to the south-east, rising about 10 cm
above the saline flat. The Arrowgrass grew with

herbs such as the Annual Celery and Creep-
ing Brookweed, in small gaps amongst the

taller growth, along about 12 m of the edge.

The densest spot, c. 1.5 by 1 m, carried >200
plants of the Annual Celery and >50 of the

Arrowgrass. It would be flooded by the sea dur-

ing hard gales. On 27 October 2013 just two of
the small gaps held Prickly Arrowgrass plants

and there were about 30 in all.

On 22 November 2012 another new site was
noticed on ground that rose about 30 cm along

the western side of the northernmost part of

the saline flat. It had been opened by a fire that

thinned or killed the former large hassocks of
the Salt Tussock Austrostipa stipoides about four

years previously. The densest growth of the Ar-

rowgrass occurred under the southern edge of

a Samphire bush. The ephemeral herbs with it

were Salt Angianth, a Barb-grass *Parapholis

sp., Annual Celery (in part) and a few plants

of a Club-rush Isolepis sp. The Arrowgrass also

grew elsewhere—even in the open ground—on
the site of c. 5 m by 3 m and about 150 plants

were present in all. On 27 October 2013 the site

was larger, 6 m by up to 7 m, and the count of
Arrowgrass plants—approximate because of the

often dense growth—was about 455.

Three more sites were found on the uneven
salty ground between the northern end of the

main flat and the higher ground of the edge of

the saltings. One of these includes the small

spot recorded in 2007. The southern strip along
higher ground held, in 16 m by up to 3 m,
about 900 Arrowgrass plants. The strip along

the higher grounds northern edge had three

lots of Arrowgrass plants: about 80 in 4 m by 2

m, c. 125 in 5 m by 4 m, and about 310 in 6 m
by up to 5 m. lhe plants were easy to count on
open ground but very difficult when, as most
did, they rose from dense clumps of Beaded
Glasswort.

Early specimens

18.ix.1969 but pressed on 14.xi.1969, Vansittart

Island in the small swamp behind the south-

western end of Guncarriage Bay. John Whinray
C514 Australian National Herbarium CANB
534343 ; M 1 592, National Herbarium of Vic-

toria MEL 534344.

Note that, despite the different collecting

numbers, the material at CANB is the dupli-

cate of MELs specimen. 11.x. 1970, northern

remnant of the Long Point sedge flat. Flinders

Island. John Whinray M2 125 , MEL 576428;

21.xi.1976, western side of blocked mouth of

Camerons Inlet, John Whinray, C2 275, CANB
533420; M2 212, MEL 589118.

The extension of the range of the Prickly

Arrowgrass

According to Walsh and Entwisle (1994: 140),

the Prickly Arrowgrass occurs in Western Aus-

tralia, South Australia and Victoria. It is known
in the latter

1

... in herbfields on damp saline

soils of salt-flats and coastal saltmarshes.’ They
map it at three coastal sites in and by the west-

ern side of the mouth of Port Phillip Bay and
one coastal locality beside the South Australian

border. Their three inland sites are in western

and south-western Victoria. The Tasmanian
records extend the taxons range by about 400
to 420 km to the south-east of the Port Phillip

localities.

Other Furneaux Group Saltings

Seven other potential sites have been inspected

on Flinders Island. Prickly Arrowgrass has not

been noticed during many visits to the mouth,
and most of the shore, of the Pot Boil Lagoon
in the islands south-eastern corner. It was also

not found during several visits to the saltings of
Patriarchs River. There are small arcing patches
of saltmarsh along part of the eastern shore of
the eastern arm ofNorth East River but the Ar-
rowgrass was not present with the other herbs.

About half of the long saltings of the head of
Petrification Bay was inspected in late 2012 but
it has no habitat suitable for the Arrowgrass. lhe
minor marsh north-east of Trousers Point was
also visited last year but there was no sign of the
species. Both the eastern and western edges of
the Long Point Saltings were examined too. The
inspected western section had no annual herbs.
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Some occurred in parts of the eastern edge but

the Arrowgrass was not one of them.

The extensive saltings by the mouth of Deep
Bay River, on the northern coast of Cape Bar-

ren Island, were checked in November 2007.

They carried less than ten plant species and

their few herbs did not include the Arrowgrass.

The largest lagoon on Long Island, checked in

2007 and 2010, also lacked the species.

Systematic Surveys

The sites flooded near the mouth of Camerons

Inlet must have been inundated innumerable

times during the past few centuries. A continu-

ing survey would show how well they recover

when the water level drops at last, whether any

seeds survive at the five flooded localities, and

if the water has moved seeds to novel spots.

Just one of the sites of 2007 in the northern

end of the Long Point saltings held plants in

2012. The survey of 2013 found all of the cur-

rent sites of this area and showed that the two

novel localities of 2012 had changed. It is ob-

vious that the total population is likely to vary

from year to year. A survey lasting several years

should elucidate any changes.

Recommendations
Vansittart Island

The small lagoon at Vansittart Island is on free-

hold land and is mapped as c. 75 by 70 m (Tas-

map 2003). Its association of herbs was rich in

1969, and the dense mat of the Hooded Milfoil

was the first recorded Tasmanian occurrence

of this floating herb. The latter has since been

scheduled as ‘rare’ under the Tasmanian Threat-

ened Species Protection Act 1 995. The lagoon has

been open to cattle for more than two decades

and so is likely to have suffered serious dam-

age in the meanwhile. It should be inspected

in November and— if warranted—an arrange-

ment made with the manager of the island to

fence it, including a buffer zone. It should also

be assessed to work out whether a program of

weeding would be useful.

Long Point Sedge Flat and Saltings

The northern and south-western remnants

of the Long Point Gahnia trifida-Austrostipa

stipoides flat are on freehold land and so their

survival is problematical.

Their slightly higher ground carries the main

extant sections of the southernmost Austral-

ian site of the Creeping Myoporum Myoporum
parvifolium. This shrub grows as part of the

dominant sedges understorey. The remnants’

patches of the Silky Wilsonia Wilsonia humilis

are three of the six occurrences yet known for

Flinders Island. Plants of the Tiny Arrowgrass

Triglochin minutissima also occur in the north-

ern area. These three taxa are all scheduled as

‘rare’ under the Tasmanian Threatened Species

Protection Act 1995.

While the two plants of the endangered

Prickly Arrow-grass of the south-western rem-

nant are not significant, the c. 240 plants of the

northern remnant are numerous enough to be

important. In addition the major vegetation of

both remnants, with its associated scheduled

species, is unique to the islands of Banks and

eastern Bass Straits. These values should be

enough to warrant the purchase of both areas,

with buffer zones. They would need care to pre-

serve them. This would include removing weed

and pasture species encroaching from the adja-

cent grazed ground.

The higher ground between the northern end

of the Long Point Saltings, and the road, would

stay in better shape, if the irresponsible burn-

ing—which serves no useful purpose—could

be stopped. Its cessation would slow the influx

of exotic weeds and pasture plants. The variable

occurrence of the Prickly Arrowgrass in the

northern end of the Saltings has four weeds so

far. Three of them could be weeded effectively

but the Coast Barb-grass would be a more diffi-

cult problem. Work would probably have to be

done for at least two seasons in succession. As

well, the Tall Fescue *Festuca arundinacea has

reached the road verge around the northern

end of the saltings since 2007 and is spreading

through the often burned grassy margin to the

edge of the saline flat. If not controlled it will

swamp most of the sites of the Arrowgrass.

Mouth ofCameron's Inlet

The main sites of this vicinity are not cur-

rently threatened by motor-cycle or four-wheel

drive traffic but the vicinity should be checked

regularly as—despite a sign forbidding it—

new tracks are being formed. The Buck’s-horn

Plantain *Plantago coronopus is the main cover
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of the turning circle at the end of the road to

the mouth of the inlet. It should be sprayed

later this year but will require attention for at

least two years thereafter. Just one plant had

reached the northern site of the Arrowgrass by

late 2007. While the Annual Beard-grass was

weeded from three spots further south, the area

needs to be checked and cleared each season

if the grass, and any other exotics that appear,

are to be prevented from crowding out the rare

herbs. Plants of the Sea Spurge *Euphorbia

paralias were, early in May 2010, pulled from

two of the Prickly Arrowgrasss mounds. Seeds

of this weed will continue to wash in from the

adjacent coast and also spread from the dunes

fronting the sea by the northern extension of

the inlets eastern edge. A possible answer to

the problem of weeds would be the formation

of a Friends Group to work each year—not just

at the mouth of Camerons Inlet—but also in

other sensitive coastal inlets and saltings.

The status of the Prickly Arrowgrass in

Tasmania

While more plants of the Prickly Arrowgrass

were found in the northern end of the Long

Point Saltings in 2007, there was no trace of

most of their sites in 2012. The finds of 2013

showed the vicinity to have the largest number

of plants recorded to date. The absence of plants

at the major locality, and the flooding of all of

the others near the mouth of Camerons Inlet

in 2012, also showed that the occurrences of

the Arrowgrass at this major locality are not

stable. The author’s nomination in 2007 of the

taxon resulted in its being scheduled, under the

Tasmanian Threatened Species Protection Act

1995, as endangered’. Given the small total area

occupied by the plants at their most extensive

in 2007, their absence from other salt marshes

on Flinders Island, a major saltings on Cape

Barren Island, and a saline lagoon on Long Is-

land, the taxons status of endangered’ remains

thoroughly appropriate.
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One Hundred Years Ago

The Mallee: Ouyen to Pinnaroo

Botanical notes

By A. D. Hardy, F.L.S., State Forests Department, Melbourne,

(Read before the Field Naturalists ' Club of Victoria, 1 4th July, 1913)

The country here was still open, with clumps of malice 15 to 18 feet high as at Wymlet, almost flat, with

an absence of pines, and with a little “Porcupine" a most appropriate name for the grass tussocks named

on departmental plans “Spinifex" and by the Plant Records Committee “False Spinifex.” There is nothing

false about this plant, Triodia irritans. It pretends not at all; but the small hemispherical tussocks resemble

nothing so much, in the distance, as a porcupine with quills erect, and I strongly advocate this vernacular

for adoption. In places it grows to a height of 3 feet and 3 or 4 feet across, with fruiting-stems reaching

to the saddle-top.

From The Victorian Naturalist XXX, pp. 153, January 8, 1914
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Australian Rainforest Fruits: A Field Guide

by Wendy Cooper; illustrations by William T. Cooper

Publisher: CSIRO Publishing, Collingwood,
2013. 272 pages, paperback,

colour illustrations. ISBN 9780643107847. RRP $59.95

Judging by its colourful cover, I half hoped to

find delicious native fruit salad recipes within

this book, but, instead, I found a vividly illus-

trated field guide to Australia’s rainforest fruits.

As a Research Associate at the Australian Trop-

ical Herbarium, Wendy Cooper studies tax-

onomy of various rainforest plants. In fact, this

field guide is ostensibly a concise extraction of

Cooper’s more detailed Fruits of the Australian

Tropical Rainforest, published in 2004. Her hus-

band, William T. Cooper, began his career as

a landscape and seascape artist in 1964 and is

well known and acclaimed for his natural his-

tory art.

The book provides a guide to 504 fruiting spe-

cies found in the rainforests of Eastern Austral-

ia. Most species are common and widespread

but a few rare yet familiar species make appear-

ances. The book is laid out simply with large,

detailed illustrations of each fruit.

The introduction gives the user a brief under-

standing of how to use the guide, and stresses

that many rainforest species are poisonous al-

though they may appear edible. The key to the

guide is simple to use: fruits are categorised by

colour. Within each colour category, fruits are

arranged by form and size. Here the key uses

vocabulary that may be slightly advanced for

the layman, but this is a non-issue as the guide

itself explains terms such as aril’, calyx’ and in-

dehiscent pods’ through its detailed images and

a glossary

The species are grouped into five main col-

our-of-ripeness categories: pink to purple, blue

to black, yellow and orange to red, green and

brown and shades of white. Colour strips on

the edges of the pages are user friendly and lead

the reader to concise descriptions of each plant.

Each species is described by its common name

(if it has one) as well as its scientific name. De-

tails of the size of the fruit, number and size

of its seeds and the time at which it is ripe are

provided. Images of the leaves and their ar-

rangement are given as well as explanations

the key features of the species. The distribution

is described using a simple map and short de-

scription. The illustrations are labelled and pro-

vide a comprehensive visual representation of

each fruit at different angles, with examples of

fruits opening to expose seeds and, sometimes,

cross sections. This gives the advantage ofbeing

able to identify fruits should they vary from the

herbarium example at the time of observation.

Scale is provided at the bottom of each page.

A checklist of all fruiting rainforest plants of

eastern Australia (excluding orchids) appears

at the back of the book, and a glossary clarifies

the botanical terms mentioned in the key. An
index directs the reader to pages based on both

scientific and common names.

Australian
Rainforest

Fruits
A f 1 E L D G U I D E

90 The Victorian Naturalist



Book Reviews

The information in this comprehensive yet

concise field guide is presented in a logical way,

though it may be foreign to the botanist who
is accustomed to searching for plants according

to distribution or family.

As the book attests, field guides are valuable for

those interested in beginning to develop their

identification skills and may then add to their

research from there. This example is particularly

well presented and simple to use. The descrip-

tions are well written and the reader rapidly gains

an understanding of the species they encounter

in the field. The illustrations are absolutely beau-

tiful and very charming, making this book not

only practical, but a delight to own.

Maggie Riddington
School of Life and Environmental Sciences

Deakin University

221 Burwood Highway
Burwood, Victoria 3125
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